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Decomposition of Leaf Litter in Pinus yunnanensis Forest 
and Evergreen Broad - Leaved Forest in Central Yunnan 
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Abstract£? The decomposition and its nutrient dynamics of leaf litters of Pinus yunnanensis £7Cyclobanopsis 
glaucoides and Castanopsis orthacantha. in pine forest stand and evergreen broad -- leaved forest stand in cen- 
tral Yunnan had been investigated by using the litterbag method in a duration of 868 days. It was found that 
the decomposition rates of both broad — leaved leaf litters are greater than that of pine needles. There are ob- 
vious differences between pine forest stand and evergreen broad — leaved forest stand in decomposed mass loss 
of leaf litters of three species. The decomposition coefficients were 0.55 ~ 0.6 1a! for three leaf litters in 
evergreen broad -- leaved forest£7and in pine forest they were 0.50 ~ 0.53 a^! . The removal rates of nutrient 
elements in litter change with the quality of leaf litter and decomposing site. During decomposition process 
the N£-Al£Fe and Zn release of three leaf litters in both forest stands showed increase in the first period in 


contentÉ-and thereafter showed decrease over rest of this trial. P and Ca in decomposing leaf litters had also 
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immobilization in evergreen broad -- leaved forest stand. Mg and K exhibited a relatively rapid initial loss in 
the light of concentration and content£-thereafter followed a steady decrease. The removal rates of nutrients in 
decomposing pine needles were lower than that of the other two broadleaf litters. The time and range of most 
elements immobilization of leaf litters in evergreen broad — leaved forest stand were cut downf-and the de- 
composition speed of leaf litter increased£-which indicates evergreen broad — leaved forest stand was benefi- 
cial to the decomposition of leaf litter and nutrients cycling in comparison with pine forest stand. 

Key words£? Pinus yunnanensis forest£»Evergreen broad - leaved forest£»Leaf litter£»Decomposition£*Ele- 
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(va ΘΕΟΠ4Ο cÀ«OnÁQuO Ove Cy YOUAES GRE 
Fig. 1 Rate of weight loss in decomposing leaf litter under different 
forest sites 
1. θε EE; YOU Pinus yunnanensis leaf litter£»2. μάς Ô YÒ Cy- 
clobanopsis glaucoides leaf litter£»3. Ó èa YO Castanopsis ortha- 
cantha leaf litter. 
—A— ο Εἑάσμο Pinus yunnanensis forest site£» 
E -e- : £A A«OAOUO Evergreen broad-leaved forest site 
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1 3 }ΥΟΠΓΕΟΠΑΟ «Α«ΑνΛΑΑΑϱῦρ ὀβμΕΛδΑ) y£” «£atbE3và t£" EQ é 1A] 
Table 1 The regression equation between leaf litter remains£" y£ f three species and years£" t£@nder different forest sites 
ει m »2éi ἴδια μὲν he, "sit 
Species Places Regression equation Coefficient Decomposition rate 
1 A Y 2 95.0117e - 95016: - 0.9778 * 0.5016 
B Y-292.0287e 059" - 0.9807 * * 0.5531 
2 A Y = 96.0818 - 0-5086 -0.9817 * * 0.5086 
B Y 293.4943e 059" - 0.9822 * * 0.5794 
" A Y 296.3319, 0599 - 0.9883 x x 0.5332 
B Y = 82.4507e - 9.6116: —- 0.9384 * 0.6116 


19ΟΠΑΙ ΕΕ Pinus yunnanensis f2f9uáCa, Ó Cyclobanopsis glaucoides ΕΒ £O δὸ Castanopsis orthacantha 
A EÔ ΕΕΛΟ Pinus yunnanensis forest£»B£? ΕΑ A«OO Evergreen broad - leaved forest 
κ p«0.05£—« * p «0.01 


OG EguAK JÈ | S£-Fei 441 οἱ Mn Οσα Ρα ΕΕΙΥΟ ΑΣ , SuAK 4E; £€U ιν] CD »í Y 
OnNo- OG Eg JÈ» Σ΄ adi» " óu 1 ὃ i £3 OQ YOIOU ÖALÄÇ /EO»OHIVOU/&ED N; ¢Ca Θ 

βαιὰ , »»y£-78 , »»y?| ΠΕοδάδλδοί ΕίΡΑΙ ὄνρμὰ: »ί Mø, -Ò ; £00 AOÀ 378d É3pAN οἱ Ca O ËZQÄ 
K 4ExsaEVe ε-ΟΒ ΕΕΥΟΙΟΊΟΡΑΙ ΕΕΑ Αν μάλ: JÈ ^i 150.859; £-0U3 £A ΑκόΙΑΟ ÂT y 
1.22% £2 Öö ÊA á SÁÉ 709: 9Í 144% £»Ca PÄR JÈ Q0 ^T uva .26%2Í 1.3696 £2 ΟΗδΗ5 ὅ 
Ev á, SÁÉ 88 o; 9Í 1039 Ε»μά(ςὸ͵ ΘΊ ΟΝ ΕΕΑΩ͂ ἈΝ] ¢Ca ÄR JÈ- Qoi ua 21 99ἱ 1.7796 £200 


302 ôE AN G ii A 22 M 


3ΕΑ λ«ΟΙΑᾷ Â: Ö25 ^1 µνοι .45%2Í 1.8596 £» 1⁄2 ὁδΩΊΟΕΝ ΕΕΑΩ͂ Â Ni ¢Ca PÄÄ JÈ- O35 1 £^ 
1.079:9Í 1.22% £-0F ελὶ λκΟΠΑΩ͂ Â: n5 i ual 3296 9Í 1.58 % EMÈ ÊA ΕΦ} ΄όμλὶ ὁ 
„Bi £ Ó ED É; 3 6£-O0 ελ λ«ΟΠΑΩ͂ Â YODpA Ni ¢Ca ςΕΦΙΑ »»y31 4EG: ϱάΟπα ΕΕ4Ω £OU 
¿YÒ O/G8O- AEQCP 6E-Nj Ca CO Ëg 2 Evi - Àj £Pi Fej «ΑΙ οί Zn GEgUAN qEÓU YÒ O81 y? l Co 
Ò GË fÓ Ε à: £i tMg OG EGOUL YOR- ÖA! ψ5] COO? » EROS 1 y »»y vii £2 Ova! ae 
ΑΕΟ ' 6ÓN àí —£-O0 ÖA 6/EPÁ ; 2 Evil - AL £ 
2.3 2»Í -ιΥΛΔΟΝΙΕΦΝΟΟΕΦΦΙΟΑ μά!» 
( "1 yl i A οἱ Εώ»-: 681931 Ε-γΥΑΒΟΙΝ2: OxDÁ; - cÉGA:d QUÀ, A38; Ε΄ ΔΕ xÜNo- O-DÁOAÉ 
E ĞA dv G/etiÓN ue Ù Ou&e£ Q ÉOÓ. ' 63 6; YÂ O81 y?] C »ί FÉN: Qu» όν £0 
ÁvAeqay AE ONÉNDA GE. Or YO OUGS; tA«ÁvàaÁOugGENb- OO ΕΘΧΊΑ; uA38»^ 1αβΕ2Ί Ò 90'6 
E X 3£(3 ÖÖ YÂ N Εσύ CU Ova y3) Gps Ï ἄ aÇ ΑΕ) »»y£- 6/EE - AUR ad ÉE-ZIACEOU £ 
A λ«Οπάθισον Εσύ , »»y 2 Eva C ÈE ΕΕΛΩ͂ áÇ £f - REA ΕΕΑΟΧ E 
Á ὃ νὲ δὶ | ££cOU. AOeóuAUU218 da£-OÓnA EE; YOIRLZE uAES CERE ODORE ΕΕΑΟΡί 3 ΕΛ À«OfI 
ΑΡ O35 ^i 28.7%2Í 37.59; £-]o N ΕΦ{ΛιΕΕΞΦΛΕΑΟΠΑ EEAOCHI 2 13 % £-OU £A] ΑΙ 
ἄν ΕΦ, 3E? OEVODVAORE 4% i ΕΛΙΙ CFei ¢Zn ο ËDÜÁ; 47 OvàuAe Ó/EO 351 ὃ, »»ýÄÇÉ i 6£ 
WAE EA; Eae OS Ea ANO κϑρῶδιδῆ Άνρι ε΄ ÓC Eg EYÉS £^ ΕδΕ8 EGU 6D Α΄ ε΄ £— 
Î PADOUAAGCECPAT A£-s Gy YOICD Mg pA EYES £” EGES £L). 6£-re μΑΧ D i £, 07€ 26Ò T 
»CEONE £^ - AA 868 d£Qu& Ö öm! 0£-s Oy YOIOUGS ADS í λκοπάθιθ Ova Cp Egu PÁG AÉ 
£^ ĞA dÊ G/etOA uA Ù ὄμεεσ óD ΑλΕὺ. ὀ,δες! Άεο 
ἀθαϊ EEAOCEE-OGA| EE; YO 3£9 ME" 17.6£G 1€ 17.8£G 1€ 35.1£G C£ 27.468 Zn 
£'44.6£E9 ME 51.5£60 X 73.5£G M 68.268 FE 82.9£€»páCà, ΟΥΟΠΕΡΙΕ15 4ΕΘΜΕ2Ι.6ΕΘΡ 
£ 24.3£G CE 32.2ΕΘΜΕ 40.7£G € 54.7£G 7& 72.9£G FE" Ι47.8ΕΘ AE 148.9£6 O4 èà YO 
[2£9M£ 7.2£6  10.2£G M£ 11.2£8 Z& 20.3£G C£ 25.0£G P'44.6£G € 51.6£G ME 143. 1£O 
> FE 212.5£(£ 
ÔF ελ A«OnÁQ eCpx-On8l ΕΕΙΥΟΠΙ 2 £9 ME" 14.9£6 €^ 15.6£6 CK 24.6ΕΘ Ε33 7ΕΘ Mn 
Ε43.ΤΕΘΖΕ 61.4£G9 € 63.266 AL 76.3£G FE 106.3£€»páCà, Qj YO 3£9 MẸ 15.6£6 € 20.7£O 
> £27.8£G C£ 28.5£G ME 40.6£G X 42.4£G M" 134. 1£G ΕΕ 155.3£G 76᾽166.5{6»0}ν6 6à 
YÒ 3ΕΟΜΕ᾽4.5ΕΘΜΕ 8.31£G 11.668 C£ 20.0£0 Ζ4 31.666 X 41.7£G ΙΕ45.6ΕΘ ΛΙ 
£'151.5£G FE 245. 7£(£ 


3 TOW 

ἐΥ ΛΘ i α Gat y] GEÉS Φλεμλ΄όβ O:G ΕΟ»: SAU AER CEEX ¿öfa YÂ i -&( uACEUOPÍ Óo 
»ül i 9A; £-00/A ; YA8l i - Ova E-d ÁEAND- ΟΕΕ EOUAÓ T1 £” MceClaugherty UE£A985£»Berg μεε-- 
1993£(&Í tÉül i ÉC; YAal ï pAO:O? - ÓvàOR E» 3A pÄÎ Άι «£e 9Εοί Í ΑΕληί ? àaNo- ἃ ὄνρομ αφ Å 
uAÓ T1» '6£3 ΕΑ A«OpÁCEo A82 δ΄] vá 1,  ÓOOc A. Auge» i οἱ ; YO ABOIP à: «^1 £d aĵ qÉül i μὰ 
» TÌ à EAR AUR | Ëa -EH , SUA λέλο -EGÁ, £~ ὁ »μλή Í Á Ño OP ÁÀ; £3 lí HÀ C/N 
3EQu£d 21 ἐΕύ] i »i qp οί - 3ND' Â ΑΕΥΡΕΕ(ἘΙ 6vp£— Φορ λα YABI i μὰ: Ov&£- qKEUGP»UCE 











TY ο σος SOR: ORO 303 
2 ?»Í ÀE ; YO OUCSORÁO tÀ«ORÁQuO ÖA y3) ËG 20 EG qEuAa8»" 
Table 2 Nutrient concentration of in decomposing leaf litters of different types under different forest sites 
£s00 £2 ` OTT] (6170: ËR 4E Nutrient concentration£" 96 ΕΘ 
Species Tim&" Days£O Places N P K Ca Mg Al Fe Mn Ze 
A 0.502 0.039 0.016 0.886 0.247 0.295  Á 0.129 0.050 0.003 
9 Β 0.502 0.039 0.016 0.886 0.247 0.295 0.129 0.050 0.003 
A 0.551 | 0.037 0.135 1.115 0.182 0.225 0.087 0.050 0.003 
ο Β 0.660 | 0.039 0.142 0.998 0.195 0.385 0.135 0.04 0.004 
A 0.600 | 0.035 0.123 1.241 0.146 0.197 0.069 0.050 0.004 
219 B 0.831 0.039 0.136 1.067 0.141 0.495 0.26 0.062 0.004 
A 0.851 0.035 0.118 1.357 0.198 0.182 0.087 0.062 0.004 
: ds B 1.220 | 0.047 0.099  Á 1.263  Á 0.177 0.540 0.264 0.067 0.006 
A 1.171 | 0.040 0.095 1.200 | 0.174 0.277 0.132 0.067 0.003 
ΤΕ Β 1.251 0.052 0.110 1.165 0.136 0.407 0.318 0.060 | 0.006 
A 1.130 0.044 0.089 1.188 0.143 0.54  Á 0.314  Á 0.074 0.004 
I B 1.280 | 0.057 0.106 0.659  Á 0.150 0.865 0.519 0.081 0.008 
A 1.111 0.041 0.085  Á 0.968 0.130 0.602 0.320 0.077 0.004 
i B 1.119 0.050 0.095 0.810 0.140  Á 0.855 0.521 0.083 0.007 
A 0.720 0.048 0.266 1.172 0.240 0.119  Á 0.072 0.104 0.001 
0 B 0.720 0.048 0.266 1.172 0.240 0.119 0.072 0.104 0.001 
A 0.819 0.046 0.205 1.268 0.245 0.144 0.086 0.104 0.002 
M B 0.960 0.04 0.216 1.355 0.249 0.325 0.131 0.106 0.002 
A 0.951 0.044 0.136 1.439 0.254 0.157 0.094  Á 0.105 0.002 
Hm B 1.242 0.052 0.191 1.622 0.255 0.487 0.167 0.109 0.003 
A 1.200 0.044 0.119 1.849  Á 0.180  Á 0.168 0.098  Á 0.127 0.002 
2 378 B 1.339 0.061 0.181 1.767 0.177 0.586 0.375 0.126 0.004 
A 1.278 0.048 0.123 1.829 0.162 0.183 0.174  Á 0.143 0.002 
es B 1.450 | 0.057 0.201 1.361 0.151 0.536 0.398  Á 0.126 0.006 
A 1.451 0.039 0.120 1.605 0.153  Á 0.4531 0.2822 0.110 0.002 
τς Β 1.530 0.052 0.20 1.300 0.144 0.589 0.399 0.156 0.007 
A 1.082 | 0.032 0.115 1.521 0.142 0.486  Á 0.292 0.116 0.002 
568 Β 1.100 | 0.048 0.198 1.202 0.135 0.575 0.403  Á 0.152 0.006 
A 0.710 0.026 0.307 1.214 0.491] 0.139  Á 0.061 0.106 0.003 
? B 0.710 0.026 0.307 1.214 0.491 0.139  Á 0.061 0.106 0.003 
A 0.819 0.026 0.185 1.200 0.315 0.184 0.062 0.076 0.003 
μή Β 0.960 | 0.036 0.212 1.255 0.286 0.305 0.105 0.055 0.003 
A 0.931 0.026 0.109 1.276 0.213 0.218 0.072 0.027 0.003 
2m B 1.191 0.044 0.178 1.312 0.214 0.406 0.220 0.044 0.004 
A 1.068 | 0.035 0.095 1.005 0.215  Á 0.275  Á 0.098 0.002 0.004 
3 i B 1.320 0.055 0.179  Á 1.576 0.252 0.634 0.342 0.037 0.006 
A 1.190 0.039 0.116 1.119  Á 0.215 0.414 0.143 0.033 0.005 
30 B 1.360 0.052 0.206 1.165 0.221 0.77 0.578 0.042 0.007 
A 1.250 0.042 0.114  Á 1.043 00.192 0.602 0.376 0.030 0.002 
120 B 1.401 0.052 0.179 1.148 0.188 0.958 0.626 0.029 0.004 
A 1.20 0.038  À 0.103 0.90  Á 0.180 0.602 0.425 0.025 0.002 
363 B 1.252 0.050 0.150 1.025 0.172 0.888 0.632 0.020 0.004 
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Table 3 The change of nutrient contents in decomposing leaf litters of different types under different forest sites 
£300 ΕΑ . RÖÄ ÕA SÊ NovetlO, μα Ù ÖÈ Percentage of initial nutrient mass remaining£" 96 £O 
Species Tim&" Days£O Places N P K Ca Μα Al Fe Mn Ze 
A 100 100 100 100 100 100 100 100 100 
0 B 100 100 100 100 100 100 100 100 100 
A 84.08 72.52 64.50 101.51 56.32 58.30 51.55 76.44 76.44 
d B 94.0 71.22 63.21 82.08 56.32 92.95 74.53 776.92 94.96 
Jis A 85.56 | 63.90 54.81 102.17 42.15 47.16 38.14 71.30 95.07 
B 103.75 | 62.50 | 53.13 77.01 35.68 104.87 109.50 77.50 583.33 
A 100.73 5317 43.40 92.84 47.50 36.55 39.96  Á 73.47 79.00 
! 378 B 112.63 55.63 28.56 607.32 33.08 84.50 94.47 61.85 92.32 
A 107.41 47.08 27.25 63.60 32.33 4310 46.97 61.51 45.90 
M B 105.43 56.23 28.99 56.3 23.22 606.76 103.95 50.60 84.34 
A 83.36 | 42.61 21.01 51.81 21.87 72.21 91.94 55.90 50.36 
d B 84.12 48.03 21.77 32.59  Á 19.96 96.35 132.20 53.23 87.63 
uis A 13.52 35.13 17.75 | 37.36 17.59 68.20 82.90 51.47 44.56 
B 63.17 33.74 15.63 24.62 14.92 76.28 106.30 443.69 61.41 
A 100 100 100 100 100 100 100 100 100 
0 B 100 100 100 100 100 100 100 100 100 
A 90.34 76.02 61.13 58.54 81.96 95.98 94.74 79.32 112.28 
TH B 97.63 74.5 | 59.46 84.65 75.97 199.97 133.22 74.63 146.44 
A 98.76 | 68.61 38.27 62.62 79.22 98.75 97.72 75.51 149.70 
-- Β 111.60 70.20 46.53 89.68 68.85 265.19 150.30 67.92 194.40 
A 105.69 57.65 28.14 67.61 47.17 $88.79 85.60 76.80 125.78 
2 xs B 88.16 60.20 32.23 71.42  À 34.93 233.27 246.72 57.39 189.48 
A 90.15 | 50.71 2.4 53.92 34.23 77.98 123.21 69.73 101.42 
ids B 74.51 43.94. 27.96 42.97 23.28 166.66 204.53 44.83 222.31 
vo A 97.53 | 39.35 21.85 45.19 30.87 183.55 18955 51.22 96.86 
B 70.83 | 36.11] 25.94 36.97 19.99 164.97 184.70 49.99 233.31 
A 54.68 24.30 15.76 32.23 21.57 148.86 147.83 40.66 72.90 
368 B 42.40 27.75 20.6 28.46 15.61 134.09 155.32 40.56 166.50 
A 100 100 100 100 100 100 100 100 100 
9 Β 100 100 100 100 100 100 100 100 100 
Α 86.99 75.32 45.39 74.45 48.32 99.70 76.55 5400. 75.2 
xd B 91.02 93.21 46.49 6960 39.21 147.72 115.88 34.93 67.32 
A 92.97 70.98 25.20 74.61 30.79 111.32 83.78 18.08 70.98 
218 B 81.67 | 82.47 28.75 52.6 21.24 142.33 175.75 20.23 64.97 
A 76.83 68.69 15.78 42.62 22.32 100.86 81.90 10.58 67.97 
3 38 B 67.60 | 76.92 21.20 47.20 18.66 165.84 203.85 12.60 72.80 
A 70.96 63.51 15.98 39.03 18.54 126.11 99.26 13.18 70.57 
s B 64.88 67.74 22.73 32.50 15.25 187.87 320.93 13.42 79.03 
A 63.87 58.6] 13.47 31.17 14.19 157.13 223.638 10.27 24.19 
Tb B 56.47 57.28 16.70 27.08 10.97 197.39 293.9] 7.84 57.28 
A 51.55 44.57 10.23 24.90 11.18 143.06 212.50 7.19 20.33 
ἘΣ Β 41.75 | 45.60 11.588 20.02 8.31 151.47 245.65 4.47 31.61 
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uA; ó» eí C Ear Ote»l à3EÓ8 Άε-οπαί ΕΕΑΟ à 1 νότα vil 8 uE Í Α; SNo- OÁ; V ul £-C/N 
ÈRE 3€ ἠΕΘή ÁA ËG 3E? £A λκοπάθισί 20% ~ 4521645] AO«uE£A1991 ΕΘ3»λ14ΐ Á 
EA qÉül i uei T Ε-γΥΑΒΪ τ μὰ: OVaEUTIEÀ; £ 
d 4 Os ΕΕΑΦΙ5 EA A«OnÁQu?HE {4280-20 απ OP Á; 
Table 4 Nutrient contents in surface soilÉ Ὁ ~ 20 cm£@nder Pinus yunnanensis forest and evergreen broad -- leaved forest 


É- Αὖλδεί C N P κ ËP Rapidly available P ËUS κ Rapidly available K C/N 

Types E EŒ «£G «£G «£06 £ mg/100g£O £ mg/100g£O 
Pinus yunnanensis forest 1.47 0.08 0.01 1.51 2.46 8.83 17.81 
Evergreen broad -- leaved forest. 2.91 0.24 0.03 1.06 3.40 10.71 12.03 





Æ 1 £2 Aj YA8Of» NE^ É OS Εοί 6-4; μᾶ. ἄ ovi OE ή «ε6 ὃ AU »EuA-3 GO; YOT ÖA 
Q «E21 ὃ pAÓ Ob; £CÉ3 5 Gy É; 3 öf- Oy YOTUAND- GG: EQ? MÀ; ἀλλ΄ 621 ὃ Aá, Of 
O14 6à; YOlGEy 6CEO ËA ÔT ΕΕΙΥΑΔΟΙΟ , S£-fla EEG? Á; eÍ C/N $Ö EE; YOY 
CB ÄTA; £, 0 Melillo JEEE£" 1982£ QUAND/4 14: εί ^? yOVECORATEEQGCS N Ee? Á; ÖRE; ÉOÓ 
ËA YÂ: ÓV&EUREUAL1 Àj EAEE O/aEUREOVAy £^ ' OSTRE» OUS ONE CE áCA ὁ 
οί ον èòà YO CORE EGO N Eg? —Á; pA3EQ- 0-δ18 40.56 οἱ 31.04£4]/2E Ô EÉLY OY 
£81.72£G9 B £-Ni ἀρ C ËQ Á; RÉE EE; YOU; ££u A AX OE O0; YAa Ot uA: Ove EURÉ 
ὃ 3EÓGN EE; YIG aà £- C8 OB 2 EÓNENEA νά: Οἱ aO» ORUA; CÉGE μᾶάνθ: AÒ? V2 QÀ£-VBED 
OB; tCÀ«OfÉE:« OD» ve  Ó E-G Uvade Yéal i μὰ: Ovee í No- OC  EGLAN- »- λ1όλ; £ 
45 2» AE VOEE Ño CO ἔσρ-Α; 


Table 3 Contents of nutrient and Lignin of different types of leaf — litters 





E:0D RAEES 9, £O πο P K Ca Mg Fe A M Ίο 

Species Lignin £ EŒ 9; £GF o, £CE" s; {ΘΕ PEE HEE PEE PEE 95 £O 
Pinus yunnanensis 40.86 20.05 0.50 0.03 0.16 0.67 0.25 0.13 0.30 0.05 40.10 
Cyclobanopsis glaucoides 29.19 21.903 0.72 0.04 0.31 1.21 0.49 0.06 0.14 0.06 30.46 
Castanopsis orthacantha. 22.04 20.79 0.71 0.05 0.27 1.17 0.28 0.07 0.12 0.10 29.28 
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